The initial mass function (IMF) in the solar neighbourhood is determined on the basis of a recently derived history of the star formation rate (SFR) which shows the presence of a star formation burst about 8 Gyr ago. The observed present-day mass function (PDMF) is considered, and the average past distribution of stars of a given mass is estimated. Two cases are considered, namely (i) constant SFR, and (ii) variable SFR as derived from the new metallicity distribution of G dwarfs. The resulting IMF is compared with previous determinations by Scalo and Kroupa et al., and the variation with stellar mass of the slope of the IMF is compared with reference determinations in the literature.
INTRODUCTION
The local initial mass function (IMF) is a basic quantity in the study of the chemical evolution of our Galaxy, as it determines the number of stars formed in a given mass interval in the solar neighbourhood (Tinsley 1980; Scalo 1978 Scalo , 1986 . Recently, a new metallicity distribution of G dwarfs in the solar neighbourhood has been derived by Rocha-Pinto & Maciel (1996) , which showed considerable differences relative to the classical distribution by Pagel & Patchett (1975) . This led to a new determination of the history of the relative star formation rate (SFR) in the Galaxy (Rocha-Pinto & Maciel 1997) , where it was shown that the new results are consistent with the existence of at least one major star formation event, or burst, which occurred about 8 Gyr ago. There may therefore have been appreciable differences in the SFR as compared with a constant history, which is supported by other independent investigations (Majewski 1993) .
In this paper we study the effect of the newly derived SFR history on the local IMF, regarding both the high-mass and the low-mass ends of the IMF. We have taken into account the present-day mass function (PDMF) as given by Scalo (1986) and Kroupa, Tout & Gilmore (1993) . The differences relative to a constant-SFR history are analysed, and the resulting IMF is compared with previous determinations in the literature.
THE IMF AND THE PDMF
We will consider the IMF in the form yðlog mÞ, which is given in units of number of stars per logarithmic mass interval per square parcsec (cf. Miller & Scalo 1979; Tinsley 1980; Scalo 1986 ).
The determination of the IMF is based on the PDMF, which gives the present number of stars on the main sequence with masses in the interval ðm; m þ dmÞ per square parsec. The relation between the IMF and the PDMF can be found in Tinsley (1980) for stars having lifetimes longer or shorter than the age of the Galaxy, t 1 ¼ 13 Gyr, or, equivalently, that have masses lower or shorter than the present turnoff mass, m < m 1 . According to Tinsley (1980) , these relations are valid if the IMF is time-independent, or if yðlog mÞ is interpreted as the average past IMF.
Average stellar lifetimes for stars with masses in the range 60 > m > 0:8M ᭪ are given by Tinsley (1980) . An approximation, based on stellar evolutionary models for Population I stars given by Bahcall & Piran (1983) , is log t m ¼ 10:0 ¹ 3:6 log m þðlog mÞ
where t m is given in yr and m in solar masses. According to Bahcall & Piran, typical accuracies for these lifetimes are of the order of 10 per cent, an optimistic result according to Scalo (1986) , who suggests uncertainties of about 40 per cent for m Ն 1:5M ᭪ and 20 per cent for smaller masses. The PDMF given by Scalo (1986) , f ms ðlog mÞ is defined as the number of main-sequence stars with mass m per unit logarithmic mass interval per pc 2 , and is shown in Fig. 1 (crosses) . This function has been extrapolated to an upper mass limit m u ¼ 100 M ᭪ and then interpolated in the mass interval 0:1 Յ m Յ 100, as shown in Fig. 1 (dotted curve labelled Scalo).
As an alternative PDMF, we have also taken into account the more recent results by Kroupa et al. (1993) , which show considerably different results from the Scalo (1986) PDMF, especially at the low-mass end (cf. Kroupa 1998) . At the high-mass end, both functions are similar, although the Kroupa et al. (1993) PDMF shows some excess of stars with m > 2:5M ᭪ relative to the Scalo Mon. Not. R. Astron. Soc. 299, 889-894 (1998) ᭧ 1998 RAS * E-mail: maciel@orion.iagusp.usp.br (WJM) (1986) PDMF. This function is also shown in Fig. 1 , where the filled circles refer to the stellar masses in the Scalo (1986) data.
It should be noted that most PDMFÇ s found in the literature, such as those shown in Fig. 1 , are smoothed functions, generally derived by applying a continuously varying function to the whole mass range. This fact has some important consequences, particularly near m Ӎ 1M ᭪ , where some structures are often found in the PDMF, as shown in the Scalo (1986) PDMF (Fig. 1) , or in the PDMF corrected for unresolved multiple stellar systems by . On the other hand, the average uncertainty of the PDMF near that mass is estimated as 20-30 per cent (cf. , which corresponds approximately to 0.27 dex, so that the existence of the observed structures is uncertain.
THE SFR OF ROCHA-PINTO AND MACIEL
The history of the SFR in the solar neighbourhood was investigated by Rocha-Pinto & Maciel (1997) , on the basis of a recently determined metallicity distribution of G dwarfs (Rocha-Pinto & Maciel 1996) . The method uses simultaneously the metallicity distribution and the age-metallicity relation, and associates the number of stars in a given metallicity interval with the corresponding time interval predicted by the age-metallicity relation. Corrections are considered to account for observational errors, cosmic scatter and scaleheight effects. The application of the method to the solar neighbourhood shows evidences for at least two events of star formation, namely a burst some 8 Gyr ago and a lull 2-3 Gyr ago, adopting t 1 ¼ 13 Gyr.
The history of the relative SFR, bðtÞ, as derived by Rocha-Pinto & Maciel (1997, RPM) , is given in column 2 of Table 1 for 1-Gyr bins up to the adopted age of the Galaxy.
The normalization condition as applied to the relative SFR gives
(cf. Miller & Scalo 1979 and Scalo 1986 ), and we notice that in this case bðt 1 Þ¼b 1 ¼1:28. As discussed by Rocha-Pinto & Maciel (1997) , this value can be considered as an upper limit, since the growth of the relative SFR at t 1 as observed in Table 1 may be an artificial feature of the method used. It is therefore interesting to consider the case where the SFR has remained essentially constant for the last two bins of Table 1 . As suggested by the simulations performed in order to recover the past SFR (cf. Rocha-Pinto & Maciel 1997), we have then assumed the excess SFR in the last bin to be equally distributed through the burst between 2 and 7 Gyr, which corresponds to an additional ratio Db ¼ 0:17 in that range. A new SFR history is obtained, which is then a modification of the original SFR by Rocha-Pinto & Maciel (1997) . This is given in column 3 of Table 1 , and we note that b 1 ¼ 0:39, which is a convenient lower limit. As we will see in the next section, our results are sensitive to the values of the relative SFR at t 1 . In the following, we will denote the obtained limits as b 
RESULTS AND DISCUSSION

Constant SFR
Let us initially examine the situation of a constant SFR, which corresponds to bðtÞ¼1. We will present our results as the IMF yðlog mÞ, and also the total amount of mass contained in the IMF, or the cumulative mass distribution of the IMF (M ᭪ pc ¹2 ) given by
The limits are in practice given by m l Ӎ 0:1M ᭪ and m u Ӎ 100 M ᭪ (cf. Miller & Scalo 1979, equations 38 and 40) . In this case, the SFR in the form wðtÞ given in M ᭪ pc ¹2 Gyr ¹1 (cf. Tinsley 1980) is related to the relative SFR in the form bðtÞ by
The IMF yðlog mÞ as a function of the stellar mass is shown in Figs 2(a) and 3(a) for the Scalo (1986) and Kroupa et al. (1993) PDMFs respectively (irregular solid lines). In Fig. 2 (a), the crosses represent the IMF as derived by Scalo (1986) , and in Fig. 3 (a) the asterisks show the corresponding IMF by Kroupa et al. (1993) . We can see that for the lower masses (m < 1M ᭪ ), our IMF is essentially the Scalo (1986, crosses) and interpolated values (dots). Also shown is the PDMF by Kroupa et al. (1993) . same as the Scalo (1986) IMF (Fig. 2a, crosses) , or the Kroupa et al. (1993) IMF (Fig. 3a, asterisks) . For the larger masses, our results do not deviate very much from the Scalo IMF, while for the Kroupa et al. (1993) PDMF we obtain a larger number of stars with m > 2M ᭪ than implied by their IMF. This discrepancy is essentially due to the different values adopted for the Galactic age and average scaleheights for stars having masses in this mass range.
The cumulative mass M can be obtained for a constant SFR as a function of the stellar mass for both the Scalo (1986) and the Kroupa et al. (1993) PDMFs. The results are shown in Table 2 , where the cumulative mass is given in units of M ᭪ pc ¹2 . Analogously, the present SFR w 1 can be calculated from equation (4), and is also given in Table 2 in units of M ᭪ pc ¹2 Gyr ¹1 for the interval 0:1 ¹ 100 M ᭪ . The obtained value can be compared with w 1 ¼ 3:5 ¹ 4:5M ᭪ pc ¹2 Gyr ¹1 as results from the analytical expressions given by Tinsley (1980) , which are derived by Miller & Scalo (1979) for t 1 ¼ 12 Gyr using the luminosity function by Wielen (1974) . For the Kroupa et al. (1993) PDMF, the cumulative mass and present SFR are also given in Table 2 for the same mass interval. It should be noted that the extrapolation of the Scalo (1986) PDMF from the upper limit m u ¼ 63 M ᭪ to m u ¼ 100 M ᭪ does not affect the obtained results, as the number of stars near the upper mass limit is expected to be very small.
Variable SFR
In the case of a variable SFR, the IMF is also time-dependent, and yðlog mÞ is now interpreted as the average past IMF derived at t ¼ t 1 . Again we can determine the IMF taking into account the adopted stellar mass interval. The adopted relative SFR bðtÞ is the piecewise function given in Table 1 and, as we have seen in Section 3, the relative SFR at t 1 depends on the behaviour of the history of the SFR in the last few bins of Table 1 . From our discussion, we can expect the present relative SFR to lie in the range 1:28 Ն b 1 Ն 0:39. It can be shown that the IMF can then be written as
where we have used the subscript '0' for the function yðlog mÞ calculated at a constant SFR. The parameter a is defined as
It can be seen from equation (6) that the detailed temporal variations of the SFR bðtÞ will affect the new yðlog mÞ only for t m < t 1 (excluding t m p t 1 ), which corresponds to a small part of the whole mass range. For objects with t m > t 1 and t m p t 1 , equation (6) shows that the piecewise function bðtÞ of Table 1 does not produce any discontinuities in the IMF.
Therefore, for t m > t 1 , we have yðlog mÞ Ӎ y 0 , and, at the highmass extreme, t m p t 1 and yðlog mÞ Ӎ y 0 =b 1 , so that larger differences will appear at large masses. This is shown in Figs 2(b) and 3(b), where the filled circles correspond to b 1 ¼ b þ 1 , and the empty circles refer to b 1 ¼ b ¹ 1 . We see that (i) the IMF in the form yðlog mÞ is essentially unchanged for lower masses, m Յ 1:0M ᭪ , and t m > t 1 ; (ii) for higher masses, m > 1:0M ᭪ ,y ð log mÞ increases up to 157 per cent relative to y 0 with a peak at m ¼ 1:2M ᭪ if the SFR has been constant in the last two bins of Table 1 , that is,
Adopting a rising SFR at the last few Gyr, the IMF increases up to 41 per cent for 1:7 > m > 1:0M ᭪ , also with a peak at m ¼ 1:2M ᭪ , and decreases up to 26 per cent for m > 1:7M ᭪ . Therefore the presence of the SFR burst detected by Rocha-Pinto and Maciel (1997) affects the IMF in the form yðlog mÞ in different ways, depending on the behaviour of the relative SFR at recent times. If the relative SFR remains essentially constant in the last few Gyr, the presence of the burst implies a higher production of large mass stars. On the other hand, if bðtÞ is allowed to increase near t 1 , the effect of the burst is smoothed, and the IMF does not differ considerably from the reference value y 0 .
The derived IMF yðlog mÞ can be directly compared with the IMF derived by Scalo (1986) for a constant relative SFR and t 1 ¼ 12 Gyr, as shown in Fig. 2(a) (crosses) . It can be seen that the Scalo IMF resembles very closely our results both for bðtÞ = constant (irregular solid line in Fig. 2a ), and for Fig. 2b ), our derived IMF shows an excess of massive stars relative to the Scalo (1986) IMF. The comparison of the IMF with a variable SFR with the results by Kroupa et al. (1993, Fig. 3a, asterisks) shows an even higher overabundance of high-mass stars, but this can be attributed to different adopted parameters, as mentioned in Section 4.1.
The existence of a burst occurring some t Gyr ago would result in a ledge in the PDMF near the mass whose main-sequence lifetime is t (cf. Scalo 1987 and Noh & Scalo 1990) . Since the burst detected by Rocha-Pinto & Maciel (1997) occurred between t Ӎ 2 and Ӎ7 Gyr, adopting the lifetimes (equation 1), such a ledge is expected to be broadly located near m Ӎ 1:2M ᭪ . The Scalo (1986) PDMF clearly shows some enhancements near that mass range, but it should be kept in mind that most determinations of the PDMF use a smoothed function, so that one cannot be sure at this stage of the small-scale variations of the IMF at a given stellar mass, as shown for example in Fig. 2(b) for m ¼ 1:2M ᭪ . Physically, the local maxima on the IMF could have been produced by the burst itself. In fact, near the epoch of the burst, a relatively larger fraction of more massive stars could have been produced, since our approach here is intended to recover the average past IMF. However, that is not the only possible explanation, especially in view of the fact that the small structural details on the PDMF are not well known, and may propagate into the derived IMF, as mentioned above. Therefore it seems safer to take a conservative approach, and obtain a smoothed version of our IMF, postponing the determination of the detailed behaviour of this function until the PDMF is more accurately known. This is also done in Figs 2(b) and 3(b) , where the IMF for a rising SFR at t ¼ t 1 (filled circles) and for a constant SFR at t ¼ t 1 (empty circles) are shown along with sixth-order polynomials of the form log yðlog mÞ¼ X 6 n¼0 a n ðlog mÞ n ;
where the coefficients are given in Table 3 for both the Scalo (1986) (S) and Kroupa et al. (1993) 
More recently, Padoan, Nordlund & Jones (1997) derived new slopes on the basis of numerical experiments of supersonic random flows in molecular clouds. Results for a typical molecular cloud with temperature T ¼ 10 K, mean density n ¼ 1000 cm ¹3 , and velocity dispersion j v ¼ 2:5k ms
These values can be easily compared with our results, adopting the polynomial fits (equation 7) of the IMF. It can be concluded that the slopes for b 1 ¼ b þ 1 do not change more than about 10-16 per cent for 6 > m=M ᭪ > 1 relatively to a constant-SFR slope, which agrees very closely with the slopes by Scalo (1986) , as expected, since the IMF does not differ very much from the constant-SFR result. For b 1 ¼ b ¹ 1 , the slopes increase up to 85-120 per cent for 5 > m > 0:4M ᭪ , and are closer to the Miller & Scalo (1979) slopes in that range. A good agreement is also obtained with the slopes by Padoan et al. (1997) , particularly in the range ¹0:7 Յ log m Յ 0:6. Adopting the Kroupa et al. (1993) PDMF, the slopes are closer to the Miller & Scalo result, especially for the lowest masses. For masses higher than about one solar mass, our slopes are similar or somewhat steeper than the Salpeter (1955) slope, with some flattening for lower masses, especially for the Kroupa et al. (1993) PDMF. Such behaviour seems to be an ubiquitous feature of the IMF, and can be observed not only for the solar neighbourhood but also for stellar clusters, the Magellanic Clouds and external galaxies (cf. , Richtler 1994 and Kennicutt 1998 . The IMF derived by Rana & Basu was also based on a variable SFR, and takes into account the multiplicity of stars in the solar neighbourhood . Their general slopes are steeper than the Salpeter slope for higher masses, with some flattening for m < 1M ᭪ . They have also fitted a polynomial to the IMF instead of a log-normal curve, and their resulting IMF is similar to our result for the Scalo (1986) PDMF shown in Fig. 2(b) with b 1 ¼ b ¹ 1 , especially at the higher masses. Also regarding the high-mass end, it is interesting to note that our average slopes do not differ very much from the constant slope G Ӎ ¹1:7 of Kroupa et al. (1993) and Kroupa (1998) . In fact, as discussed by Tsujimoto et al. (1997) and Kroupa (1998) , there are some evidences for slopes steeper than this value for masses m > 1rmM ᭪ . Also, our derived slopes are similar to the slopes of the universal IMF discussed by Kennicutt (1998) , especially if the Kroupa et al. PDMF is adopted at the low-mass end.
The results for the cumulative mass M at a variable SFR are also shown in Table 2 . Since the cumulative mass depends on yðlog mÞ,it can be seen that for a rising relative SFR near t 1 the cumulative mass will not differ very much from the constant-SFR value, since the IMFs are very similar, as seen in Figs 2(a) and 3(a). For a constant relative SFR near t 1 , a larger number of massive stars would form near the epoch of the burst, and the increase in yðlog mÞ at higher masses implies an increase in the cumulative mass up to 55 per cent, as shown in Table 2 . With the new cumulative mass, the present rate w 1 can be determined, and is also shown in Table 2 . It can be seen that, in the case of a rising SFR near t 1 , the rate w 1 increases by 22-31 per cent, while for a constant SFR near t 1 , w 1 decreases by 32-38 per cent.
According to the discussion by , the total surface mass density of the disc obtained from the IMF is in good agreement with the dynamical mass as estimated by Gould (1990) and Kuijken & Gilmore (1991) , which is about 50 M ᭪ pc ¹2 within an estimated uncertainty of about 30 per cent. Taking into account the mass density due to the contributions from evolved stars (0.11 M ᭪ pc ¹2 ), stellar remnants (3.9 M ᭪ pc ¹2 ), and gas in the solar neighbourhood (6.6 M ᭪ pc ¹2 ) as in while for the Kroupa et al. (1993) PDMF the agreement is also good, except for b 1 ¼ b ¹ 1 , for which the total mass seems to be in excess of the dynamical mass by approximately 18 M ᭪ pc ¹2 . In view of the results discussed above, it can be concluded that the present relative SFR lies between the limits b þ 1 and b ¹ 1 .A possible way to discriminate between these extremes would involve estimates of the relative frequency of supernovae (SNe) of types II and I. Adopting the expressions for the SN rates as given by Matteucci & Greggio (1986) The point with error bars shows the average observed ratio, N II þ N Ib =N Ia Ӎ 6:4 Ϯ 1:9 for galaxies with Hubble types between Sb and Sc, as given by van den Bergh & Tammann (1991) . Although the observational uncertainties are large, the figure clearly shows that our main conclusions on the SFR are supported, and the present value of the relative SFR value is approximately halfway between the derived limits.
